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Abstract:  The warehousing costs are a significant part of the supply chains costs.
This article shows the connections between the warehousing costs and the
client number of a 3PL. The parameters are based on paragon simulation.
The simulation results are inserted into transportation cost function, which
improves the whole model.
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1. Introduction

This paper demonstrates how to use vehicle routing software’s in warehouse simulation,
and how we can use the simulation results to calculate warehouse costs.

The main point of warehouse simulation is to create the computerized representation of
the warehouse, by introducing some assumptions, estimations and simplifications. After
the model is created, scenarios should be built up - by altering different parameters of
the model- to simulate real life processes in the warehouse; e.g.: increase of vehicle or
forklift number. By evaluating the results we gain that information which would be
expensive or impossible in case of the examination of the real system.

The common vehicle routing software’s are rarely used for warehouse material handling
simulation, although all algorithms needed for modeling processes are built in many of
them. All the road transportation elements used in vehicle routing applications can be
converted to a warehouse system element in theory, the algorithms are the same.

2. Warehouse simulation with vehicle routing software

The aim is to simulate the total distance and productive time taken by forklifts in a
warehouse. With the help of these data we can calculate the total warehouse costs.

The method of building up the simulation is basically the same as in case of vehicle
routing simulation. At first the master data has to be collected (all possible system
elements), after that different scenarios can be built up by using these system elements.
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The benefits of vehicle routing simulation are the following:

— Reduce transport costs

— Improve customer service

— Maintain efficiency of transport resources during execution

— Increase control of transport - better management reporting

— Reduce delivery lead times

—  Support strategic decision making
The benefits of warehouse simulation are the following:

— With the help of simulation we can forecast the resource need of future
warehouse processes

— With the help of simulation we can forecast the cost of future warehouse
material handling
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Figure 1. Schematic system model of vehicle routing softwares

Figure 1 demonstrates routes schematic system model of vehicle routing softwares. By
creating orthogonal routs on the transportation map, a warehouse corridor network can
be built up. On this orthogonal network, nodes for the warehouse rack locations should
be placed. Attributes of network segments are average velocity and length.

Warehouse material handling areas can be converted to depots of routing software.
Let us assume that only pallets are stored in racks, forklifts transport them to the
consolidation area, where unit pallets are made. Attributes of consolidation area are the
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time windows, loading and unloading rates. Depending on the direction of material
flow, this area will be the loading/unloading point.

Vehicle master data contains the data of forklifts, which are the followings: vehicle
capacity, fix and variable costs (based on running performance or elapsed time).

The unit of transported goods is pallet, since the forklifts collect and spread whole
pallets to and from the racks — this way vehicle capacity is one pallet.

Customer master data contains the position and loading rates of the rack locations.
Locations on upper levels have higher loading/unloading rates, since lifting goods needs
extra time. As many “customers” should be declared at the nodes of the route network
as many locations are served from that node.

Customer order data are the items of the picking list, it contains the order quantity (1
pallet/rack) and loading/unloading rate (higher levels). For warehouse simulation no
time-windows should be determined, but we have to declare whether the order is a
supply or demand point.

Loading and unloading times have both fix and variable — time dependent —
components.

The measure can be weight, volume — in this case the measure is pallet. Most routing
softwares can not handle lengths below 1m; it is suggested to use at least 10 times
magnification for warehouse simulation. (In this case variable costs should be
decreased, and average velocity should be increased ten times).

Figure 2 shows the graphical visualization of a warehouse simulation model.
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Figure 2. Warehouse simulation model
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By running the simulation the routes of forklifts, the total distance covered, the time of
single routes, the necessary number of vehicle, capacity data, and other representative
data will be generated.

3. Simplifications in the model

To model warehouse processes we have to declare some simplifications. In our case we
assume that one corridor belongs to one client. The picking points are evenly
distributed.

We assume that the material handling costs increase parallel with the increase of the
warehouse length (this way also with the number of clients).

During the simulation we have examined one hour long periods. The cost results for one
shift are gained after simulation cost results multiplied by 8 hours.

In this case main point of simulation is to get data about the distance and taken during
material handling.

4. Calculation of warehouse costs based on simulation results

The total warehouse costs are built up from three factors:

SKyy = K+ KiE + KD

1
Where:
KM Fix costs of warehouse (EUR)

fix

L, . . EUR
Kfx: Fix costs of forklifts and forklift operators | —————
Forklifts

KP: Distance dependent costs (EUR)

\

K}?)/(H is not a constant value, it is the function of the length of the warehouse ( which

depends on the number of clients).
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Figure 3. Warehouse fix costs in the function of the number of clients

The costs of forklifts K§.- depends on the number of the forklifts, it contains the wage

of the forklift operator, the amortization and leasing price of the forklifts. It can be
expressed as follows:

FL _ FL
I(ﬁx - nFL ’ kﬁx
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Figure 4. Example of fix cost of forklifts in the function of the client number

By simulation we have gained information about the covered distance during one hour
long periods, so the total distance taken in one shift is the gained results multiplied by
the number of hours in a shift. — We assumed that the needs are constant during the
whole shift.
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Number of forklifts:
tpr
g = (— + o,99j
60 INT (3)

tor:  Total productive time of picking process, value is gained from simulation

Where:

And the total productive time can be calculated
D
v (4)

Ng = (_L + 0,99)
v-60 INT

t, =

Let us put (4) into (3):

®)
The distance dependent variable cost can be expressed as in the following equation.
D o .
K, =D-k, ()
Where:
D: Total distance covered by whole material handling process

K, : Distance dependent variable cost of forklifts

The covered distance data is gained by warehouse simulation. As we increased the
number of clients the distance also increased, shown on Figure 3.
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Figure 5. Distance taken during material handling in one hour in function of the
number of clients

A correlation between the client number and the distance can be expressed with the help
of polynomial iteration method:

D(m) =d, (60 +10m +m?) @

The characteristic shown above is only valid in case of the parameters of the warehouse
in our model, where d, =30m.

Figure 4 shows the calculated and the simulated distance of warehouse material
handling.
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Figure 6. Simulated and calculated distance taken during material handling

The total costs are the sum of delivery costs and depot cost:

SK =3K,, + 3Ky = =K, + KY 4+ K 4 K

According to Hirké the following equation expresses the total delivery costs
gN

3K, :0,75-ﬁ-m-k}’-((;';l+«/N)+m-§-|_v-k}’ -g—V+K$“+nFL~k;§+d0(60+10m+m2)-kD

5. Conclusion

Applications used for vehicle routing simulation are also capable of modeling
warehouse processes; by introducing some simplifications and using simulation the total
distance and productive time need can be declared. After analyzing the total
warehousing costs, three main cost branches can be distinguished: fix warehouse, fix
forklift and wage and distance dependent costs. All of these costs have dependence on
client number, these correlations were revealed. With the help of former scientific
results, we made up a solution to determine client number dependant total costs.
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